Marginal zone lymphoma (MZL), comprised of nodal, extranodal, and splenic subtypes, accounts for 5%-10% of non-Hodgkin lymphoma cases. A detailed evaluation of the independent effects of risk factors for MZL and its subtypes has not been conducted.
SMZL and NMZL account for about 20% and 10% of MZL, respectively (2% or less of all NHL) (11) . SMZL has been associated with HCV infection and a tropical SMZL has been identified in regions of the world endemic for malaria (12) . NMZL is the least well understood MZL and like SMZL, has been associated with HCV infection (13) .
To advance our understanding of the etiology of MZL, we investigated associations with lifestyle, medical history, family history, and occupational risk factors in a pooled analysis of data from 12 case-control studies from Europe, North America, and Australia as part of the International Lymphoma Epidemiology Consortium (InterLymph) NHL Subtypes Project.
Methods

Study Population
Detailed methodology for the InterLymph NHL Subtypes Project is provided elsewhere in this issue. Studies eligible for inclusion met the following criteria: 1) case-control design, with incident, histologically confirmed cases of MZL and 2) availability of individual-level data for risk factors of interest by December 31, 2011 . Contributing studies were approved by local ethics review committees. All participants provided informed consent before interview.
NHL Subtype Ascertainment and Harmonization
Cases were classified as MZL according to the WHO classification (3, 4) and, where possible, into MZL subtypes according to the hierarchical classification of the InterLymph Pathology Working Group (Table 1) (14, 15) . Most studies had at least one expert hematopathologist confirm the diagnoses. The study review procedures and rules for NHL subtype classification were reviewed by an interdisciplinary team of pathologists and epidemiologists.
Cases also were classified according to primary site. In most studies, primary site was recorded where known, regardless of disease stage. Initially, lymphoma site was categorized as nodal, extranodal lymphatic (spleen, Waldeyer's ring, thymus), or extranodal extra-lymphatic (16) . Specific primary sites (eg, stomach, eye) were recorded (Table 1) . Cases were classified as systemic if disease was widespread or primary site was bone marrow, blood, or cerebrospinal fluid and no other site was listed.
Risk Factor Ascertainment and Harmonization
Each study collected data on putative NHL risk factors in a standardized, structured format by in-person or telephone interviews and/or self-administered questionnaires. Risk factors with data from at least four studies were selected for analysis. Each variable was harmonized and data were reviewed for consistency among related variables; details are provided elsewhere in this issue.
Statistical Analysis
Analyses were conducted using SAS software, version 9.2 (SAS Institute Inc, Cary, NC). Odds ratios (ORs) for MZL and each MZL subtype were computed as estimates of relative risk in unconditional logistic regression models adjusted for age, race/ethnicity, sex, and study (referred to as "basic adjusted models"). Statistical significance was evaluated using a nested likelihood ratio test, Working Formulation -0 (0.0) 0 (Table continues ) with P values less than .05 identifying putatively influential factors. Interstudy heterogeneity was evaluated conducting a separate logistic regression within each study and then quantifying the variability of the coefficients by the H statistic (17) . Effect modification and confounding were evaluated for each risk factor. To address potential confounding, ORs were evaluated in a series of models adjusted for one other risk factor. A model then was fit that included all putative risk factors with missing categories created for each factor, followed by a forward step-wise logistic regression ("final model"). In these specific analyses, there was no evidence of confounding. Thus, the ORs are presented from the basic adjusted models. To facilitate comparisons across studies, findings are presented in the text for several uncommon factors with five or fewer exposed persons and in the tables to balance our presentation of MZL subtypes. Exploratory analyses conducted by EMZL primary sites were constrained due to small numbers of exposed cases within groups, usually less than three, and reported in brief in the text and in Supplementary Table 2, available online.
Because controls for most original studies were frequencymatched by age and sex to all cases, not just MZL, we conducted sensitivity analyses using a subset of controls frequency-matched to MZL cases by age and sex. Results were similar, thus the full set of controls was used to increase statistical power.
Results
A total of 1052 MZL cases diagnosed from 1995 to 2008 and 13 766 controls were included in these analyses (Table 1) . A slight majority of the cases were from studies conducted in North America. Both cases and controls were largely non-Hispanic white although the proportion of minorities was greater among cases. Compared with controls, cases were somewhat older, a majority 60 years or older at diagnosis, and comprised of slightly more women than men. EMZL was the most common subtype (60%) and stomach is the most commonly reported extranodal site.
All MZL
Factors associated with increased MZL risk overall included: SS and systemic lupus erythematosus (SLE), as well as B-cell activating immune conditions overall; HCV seropositivity; peptic ulcers; asthma without other atopy; first-degree relative with a hematological malignancy (any or several specific types); decreasing years since quit smoking (the only smoking factor of 16 smoking-related variables analyzed); hair-dye use among women; and occupations as general carpenters, general laborers, painters, and metalworkers (Table 2) . Factors inversely associated with MZL included increased recreational sun exposure, consumption of any type of alcohol and wine consumption, and occupation as a teacher. No associations were observed with body mass index, physical activity, blood transfusions, atopy/allergy variables other than asthma, number of siblings, menstrual and reproductive factors among women, and living or working on a farm. There also was no evidence of meaningful interstudy heterogeneity of effects.
Exploratory analyses were next conducted by sex (data not shown). Results generally were comparable by sex (P heterogeneity > .05), although for selected risk factors, the exposure prevalence and/or risk estimates suggested some variability. Specifically, autoimmune conditions were reported by 10.2% of women and 4.6% of men with MZL, with stronger effects of B-cell activated immune conditions in women (OR = 6.69, 95% confidence interval [CI] = 4.38 to 10.23) than men (OR = 3.56, 95% CI = 1.57 to 8.06) mainly due to SS (women: 6.1% cases, 0.2% controls, OR = 34.7, 95% CI = 15.0 to 79.8; men: 2.1% cases, 0 controls) and SLE (women: 2.1% cases, 0.2% controls, OR = 7.46, 95% CI = 3.34 to 16.6; 0 men). History of peptic ulcers had a stronger and statistically significant effect in men (OR = 1.79, 95% CI = 1.28 to 2.50) than women (OR = 1.31, 95% CI = 0.87 to 1.97). Women were more likely to report a family history than were men (any hematological malignancy; women: OR = 1.98, 95% CI = 1.40 to 2.78; men: OR = 1.48, 95% CI = 0.98 to 2.24) with the exception of a family history of NHL (women: OR = 1.28, 95% CI = 0.72 to 2.30; men: OR = 2.21, 95% CI = 1.27 to 3.86).
MZL Subtypes
Factors that were significantly associated with MZL were next evaluated for the subtypes of EMZL (N = 633), NMZL (N = 157), and SMZL (N = 140) (Tables 3-5). Risk for all three subtypes was increased with B-cell activating autoimmune conditions (EMZL OR = 6.40, 95% CI = 4.24 to 9.68; NMZL OR = 7.80, 95% CI = 3.32 to 18.33; SMZL OR = 4.25, 95% CI = 1.49 to 12.14; * Basic model adjusted for age, sex, race/ethnicity, and study. For exposures with more than two groups, ie, exposed and unexposed, the P value is the P for trend. HCV = hepatitis c virus; HL = Hodgkin lymphoma; NHL = non-Hodgkin lymphoma; SLE = systemic lupus erythematosus. † Includes self-reported history of specific autoimmune diseases occurring ≥2 years prior to diagnosis/interview (except the New South Wales study, which did not ascertain date of onset). Autoimmune diseases were classified according to whether they are primarily mediated by B-cell or T-cell responses. B-cell activating diseases included Hashimoto thyroiditis, hemolytic anemia, myasthenia gravis, pernicious anemia, rheumatoid arthritis, Sjögren's syndrome, and systemic lupus erythematosus. T-cell activating diseases included celiac disease, immune thrombocytopenic purpura, inflammatory bowel disorder (Crohn's disease, ulcerative colitis), multiple sclerosis, polymyositis or dermatomyositis, psoriasis, sarcoidosis, systemic sclerosis or scleroderma, and type 1 diabetes. ‡ Atopic disorders include asthma, eczema, hay fever, or other allergies, excluding drug allergies. § Based on International Classification of Diseases (ICD)-9 and ICD10 classification.
|| Not presented by sex of relative due to small number of exposed cases. ¶ Recreational sun exposure (hours per week, study-specific quartiles available upon request; alcohol consumption in grams of ethanol per week (alcohol: <44. Table 4 ), particularly leukemia (OR = 2.00, 95% CI = 1.28 to 5.13), whereas NMZL was associated with a family history of NHL (OR = 2.82, 95% CI = 1.33 to 5.98). Although the magnitude of the ORs suggested increased risk of SMZL with a family history of several specific hematologic cancers, estimates were imprecise.
Associations between lifestyle factors and MZL subtypes were heterogeneous (Table 5 ). Ever smoking of cigarettes was not associated with EMZL, NMZL, or SMZL. However, compared with never smokers, risk of EMZL was elevated for those who quit less than 5 years before diagnosis/interview (OR = 1.55, 95% CI = 1.03 to 2.33) but was not elevated for longer duration of quitting or for current smokers. Alcohol consumption was inversely associated with EMZL risk (fourth quartile vs nondrinkers, OR = 0.48, 95% CI = 0.28 to 0.82). In contrast, NMZL risk was decreased for lower levels of consumption of any alcohol and particularly wine, whereas there was no association for the highest quartile of intake. Consumption of any alcohol or wine was not associated with SMZL.
Among women, SMZL risk was increased with hairdye use including ever use (OR = 6.54, 95% CI = 1.53 to 27.85), use of permanent dyes (OR = 6.59, 95% CI = 1.54 to 28.17), and light color (OR = 9.69, 95% CI = 2.12 to 44.34) ( * Ca = cases; Ctrls = controls; EMZL = extranodal marginal zone lymphoma; HCV = hepatitis c virus; NMZL = nodal marginal zone lymphoma; SLE = systemic lupus erythematosus; SMZL = splenic marginal zone lymphoma. † Basic model adjusted for age, sex, race/ethnicity, and study. For exposures with more than two categories, ie, exposed and unexposed, the P value is the P for trend. ‡ Includes self-reported history of specific autoimmune diseases occurring ≥2 years prior to diagnosis/interview (except the New South Wales study, which did not ascertain date of onset). Autoimmune diseases were classified according to whether they are primarily mediated by B-cell or T-cell responses. B-cell activating diseases included Hashimoto thyroiditis, hemolytic anemia, myasthenia gravis, pernicious anemia, rheumatoid arthritis, Sjögren's syndrome, and systemic lupus erythematosus. T-cell activating diseases included celiac disease, immune thrombocytopenic purpura, inflammatory bowel disorder (Crohn's disease, ulcerative colitis), multiple sclerosis, polymyositis or dermatomyositis, psoriasis, sarcoidosis, systemic sclerosis or scleroderma, and type 1 diabetes. § Atopic disorders include asthma, eczema, hay fever, or other allergies, excluding drug allergies.
were associated with increased risk, although risk was greater for light (>10-fold) than for dark (>5.5-fold) color dyes and greatest for use before 1980 (light permanent OR ~19; dark permanent OR ~10), acknowledging small numbers of exposed women. Associations for hairdye use factors with risk of EMZL and of NMZL were null. Occupation as a teacher was inversely associated with EMZL (OR = 0.58, 95% CI = 0.37 to 0.88) and SMZL (OR = 0.33, 95% CI = 0.12 to 0.91) risk. Occupation as a general laborer was associated with increased SMZL risk (OR = 2.10, 95% CI = 1.15 to 3.84) and as a metalworker with increased NMZL risk (OR = 3.56, 95% CI = 1.67 to 7.58). Table 2 , available online) were conducted by the common EMZL primary sites, stomach, eye/ orbit, skin, and parotid/salivary gland. Increased risk of EMZL of the stomach, skin, and especially the parotid/salivary gland was associated with autoimmune conditions. Specifically, parotid EMZL was associated with B-cell activating autoimmune conditions (OR = 40.2, 95% CI = 20.1 to 80.4), SS (OR = 506, 95% CI = 165 to 1554), SLE (OR = 27.6, 95% CI = 5.4 to 141), and myositis (OR = 41.5, 95% CI = 7.08 to 243), whereas stomach EMZL was associated with SLE (OR = 14.2, 95% CI = 2.99 to 67.3) and skin EMZL with hemolytic anemia (OR = 23, 95% CI = 1.91 to 277). Other medical * Ca = cases; Ctrls = controls; EMZL = extranodal marginal zone lymphoma; HL = Hodgkin lymphoma; NHL = non-Hodgkin lymphoma; MM = multiple myeloma NMZL = nodal marginal zone lymphoma; SMZL = splenic marginal zone lymphoma. † Basic model adjusted for age, sex, race/ethnicity, and study. For exposures with more than two categories, ie, exposed and unexposed, the P value is the P for trend. ‡ Not presented by sex of relative due to small number of exposed cases; all P values were >.10. § Based on International Classification of Diseases (ICD)-9 and ICD10 classification. conditions associated with increased risk of skin EMZL were atopy and hayfever with other atopy (OR = 1.74, 95% CI = 1.01 to 3.01; OR = 2.24, 95% CI = 1.11 to 4.54, respectively). Risk of stomach EMZL was increased for those with peptic ulcer (OR = 3.97, 95% CI = 2.38 to 6.64), whereas risk of eye/orbit EMZL was decreased for those with eczema (OR = 0.23, 95% CI = 0.06 to 0.96). Family history of any hematologic cancer was associated with a greater than threefold increased risk of skin EMZL and Hodgkin lymphoma with a nearly 20-fold increased risk. Occupation as a teacher was associated with a decreased risk of stomach EMZL (OR = 0.12, 95% CI = 0.02 to 0.88). Occupationally related increased risks unique to the analyses by site were a nearly ninefold increased risk of EMZL of the eye/orbit and a greater than sevenfold risk of parotid/salivary gland among bakers, and a 25-fold increase risk of skin EMZL among petroleum workers. Alcohol consumption was related with decreased risks of stomach, eye/orbit, and parotid/salivary gland.
Exploratory analyses (Supplementary
Recognizing that most of these analyses were based on few exposed cases, often less than three, results require confirmation and should be interpreted conservatively.
Discussion
Our large pooled analysis of MZL from 12 case-control studies conducted on three continents and including more than 1000 cases and 13 000 controls has allowed for the first time a broad evaluation of a number of potential epidemiological risk factors for MZL subtypes and across all MZL. The study size and extensive risk factor data enabled multivariable modeling to evaluate confounding among risk factors, facilitated the detailed assessment of MZL subtypes, and enabled exploratory analyses of MZL by sex. Although several MZL findings presented here are consistent with results from smaller previous pooled analyses within InterLymph, including family history (18) , autoimmune disease (19) , atopy (20) , hairdye (21), HCV (22) , and recreational sun exposure (23), our larger sample size, simultaneous assessment of multiple exposures, and systematic assessment of MZL subtypes highlight the potential heterogeneity of risk factors across MZL subtypes including several specific autoimmune conditions, peptic ulcers, HCV seropositivity, family history of hematological malignancies, hairdye use in women, and alcohol consumption, particularly wine. Despite the large total number of MZL cases, results from analyses of NMZL and SMZL were based on a relatively small number of cases and thus should be interpreted cautiously. Associations between family history and EMZL and NMZL subtypes observed in these analyses are new, however, the patterns are consistent with our overall MZL results and previously published results for NHL (24) and MZL (18) . Inherited genetic factors may explain some MZL risk (18) although other shared environmental factors within families, particularly among siblings also may contribute to the observed effects (24) . Small differential effects by sex of the case and of the relative with cancer could be due to potential recall bias between men and women and between cases and controls (25) .
The inverse association between alcohol consumption, particularly for wine, has not been published previously for MZL and MZL subtypes although a recent meta-analysis of published NHL studies provides some support for a general association (26) . Compared with nondrinkers, ORs tended to decrease with increased consumption for MZL and EMZL, whereas for NMZL, the ORs for increasing consumption were not linear, although CIs for point estimates overlapped. Whether other unmeasured underlying lifestyle behaviors may be confounding this association and contributing to the seemingly different subtype patterns is uncertain. Body mass index, physical activity, socio-economic status (SES), and smoking showed weak associations with MZL and MZL subtypes and did not alter the observed alcohol association.
The most novel result was the strong and consistent increased risk of SMZL with regular hairdye use. However, as hairdye use was available for only about 20% of SMZL cases and there were few exposed participants in some categories of use, results should be considered hypothesis generating. The associations with various hairdye characteristics including type, color, and period of use increase the plausibility of a relationship. An earlier InterLymph analysis of hairdye that did not assess MZL subtypes found no association with MZL overall (21) consistent with our overall MZL results. The pattern of association suggests that exposure to chemicals in hairdye may confer an increased SMZL risk. If true, specific chemicals and the biological mechanisms that increase risk for some subtypes and MZL of the spleen, but not other nodal or extranodal sites, remain to be elucidated.
The observed associations with SS and SLE that were stronger among women, for EMZL and NMZL, are consistent with data from previous case-control and cohort studies (19, 27, 28) . Lymphomagenesis in autoimmune disease is most well studied for SS, yet the complex process remains unclear with chronic antigenic stimulation, mutations, and translocations all playing a role (29, 30) . Clarifying common biological pathways in autoimmune disease and lymphomagenesis might help to improve treatment results for autoimmune conditions and simultaneously prevent their progression to MZL.
Data presented here support or confirm associations of several infectious conditions with MZL subtypes. History of peptic ulcers was assessed as a proxy for H. pylori infection and the increased risks, specifically for EMZL of the stomach, are consistent with other published data (10) and with an H. pylori infectious etiology. Further, the strong association between HCV seropositivity and EMZL in our analyses is consistent with a reported causative role for HCV in MZL, particularly EMZL mucosa-associated lymphoid tissue [reviewed in (31) ]. There were no data to explore the role of other putative infectious agents including B. burgdorferi and C. psittaci.
In our subtype analyses, the increased risk of EMZL and SMZL observed for asthma without atopic conditions was previously reported for MZL (20) . These results contrast with those from other NHL subtypes that showed inverse associations (20) and are inconsistent with the premise that factors hypothesized to contribute to a tumor protective immune milieu, that is, allergy, atopy and the environmental factors, number of siblings, and farm living, confer a reduced risk (32) . This inconsistency in reported associations between asthma and lymphoma remain to be clarified but could be associated with reverse causality given results from a lymphoma case-control study that showed an inverse association between lymphoma stage and serum immunoglobulin levels as well as an increase in IgE levels from pre-to posttreatment (33) . The asthma association also may be partly explained by differences in host immunological response and airway immunopathology between atopic and nonatopic asthmatics (34, 35) . The atopy association is complex and whether these immune-related differences may contribute to variability in pathogenesis of lymphoma subtypes requires further study.
Occupational associations with MZL and MZL subtypes are understudied and associations for metalworkers, general laborers, and carpenters are novel to our analyses. Related occupational exposures to solvents and other chemicals that have some or limited evidence of being associated with NHL (36,37) may explain these findings. In contrast, we did not confirm an increased risk of ocular MZL that previously was reported among animal breeders/slaughterers (38) . Also, the inverse association of teaching with MZL, EMZL, and SMZL in our study contrasted with results from a Singapore study that showed increased NHL risk among teachers but did not assess NHL subtypes (39) . Exposure to infectious agents was proposed for both the teaching and animal-related occupational associations but based on the hygiene hypothesis, this explanation also would support an inverse association, as we found for teachers. Given the inconsistency in results and weak evidence for most occupationally related exposures, further careful study of work-place exposures is warranted.
This study is the first to broadly examine the association between a number of known and suspected risk factors for NHL with MZL and MZL subtypes and assess them in a multivariable setting. Our results provide some intriguing novel findings that emphasize the etiological heterogeneity across NHL subtypes but also across MZL subtypes. The large sample size also allowed for exploration of effects by sex for MZL, although sex-stratified analyses by MZL subtype were not possible. The number of statistical tests conducted and the small number of exposed in some analyses may have resulted in chance findings, so novel results require follow-up. Additionally, recall bias, misclassification of exposures and conditions, and selection bias may have occurred. Misclassification of MZL including primary site, also may have biased our results, particularly for NMZL, the most difficult MZL subtype to diagnose (40) . Our use of the InterLymph NHL classification (14, 15) , combined with site information, helped to diminish additional misclassification when harmonizing data across studies. Finally, including populations from different regions and continents allowed us to estimate effects with greater power than in individual studies and enhances the generalizability of our findings.
Our novel findings by subtype require confirmation and larger studies are needed to assess the exploratory results by sex and by primary site of EMZL. However, these results may provide important clues to better define populations at high risk of MZL and are useful for hypothesis generating to inform future research. Studies are warranted to further elucidate lymphomagenesis of MZL and MZL subtypes.
